Purpose To evaluate the use of a self-expanding tract sealant device (BioSentry TM ) on the rates of pneumothorax and chest tube insertion after percutaneous lung biopsy. Materials and Methods In this retrospective study, we compared 318 patients who received BioSentry TM during percutaneous lung biopsy (treated group) with 1956 patients who did not (control group). Patient-, lesion-, and procedure-specific variables, and pneumothorax and chest tube insertion rates were recorded. To adjust for potential selection bias, patients in the treated group were matched 1:1 to patients in the control group using propensity score matching based on the above-mentioned variables. Patients were considered a match if the absolute difference in their propensity scores was Bequal to 0.02. Results Before matching, the pneumothorax and chest tube rates were 24.5 and 13.1% in the control group, and 21.1 and 8.5% in the treated group, respectively. Using propensity scores, a match was found for 317 patients in the treatment group. Chi-square contingency matched pair analysis showed the treated group had significantly lower pneumothorax (20.8 vs. 32.8%; p = 0.001) and chest tube (8.2 vs. 20.8%; p \ 0.0001) rates compared to the control group. Sub-analysis including only faculty who had [30 cases of both treatment and control cases demonstrated similar findings: the treated group had significantly lower pneumothorax (17.6 vs. 30.2%; p = 0.002) and chest tube (7.2 vs. 18%; p = 0.001) rates. Conclusions The self-expanding tract sealant device significantly reduced the pneumothorax rate, and more importantly, the chest tube placement rate after percutaneous lung biopsy.
Introduction
Pneumothorax is a common complication following percutaneous computed tomographic (CT)-guided lung biopsy and can lead to additional radiographs, prolonged observation time, and occasionally hospital admission and chest tube placement [1, 2] . Large CT-guided lung biopsy series report rates of pneumothorax ranging from 15 to 25%, and rates of post-biopsy chest tube placement ranging from 0 to 17% [3] [4] [5] [6] [7] . Various methods for sealing the biopsy tract to mitigate pneumothorax occurrence have been investigated without the emergence of a singular technique that has been widely accepted or adopted [8] . The types of sealants that have been studied in both the pre-clinical and clinical trial settings include saline, autologous blood patch, collagen or hydrogel plugs, and fibrin glue [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
The hydrogel plug, US Food and Drug Administration (FDA) approved and currently marketed as BioSentry (Surgical Specialties Corporation, Wyomissing, PA), has been shown in a prospective clinical trial to reduce the rates of pneumothorax occurrence, chest tube placement, and post-procedure hospital admission following CT-guided lung biopsy [19] . We wanted to confirm the results of the trial in clinical practice among multiple faculty with variable experience, given that the study was performed 7 years ago, with the product only recently receiving FDA approval. The objective of our study was to evaluate the effect of using the self-expanding tract sealant device (BioSentry TM ) on the rates of pneumothorax and chest tube placement after percutaneous lung biopsy in oncology patients. We hypothesized that use of the BioSentry TM device after lung biopsy would lower pneumothorax and chest tube insertion rates.
Materials and Methods
The Institutional Review Board approved this HIPAA compliant, retrospective review and granted a waiver of consent. A total of 2274 CT-guided lung biopsies were performed between 8/20/2007 and 7/31/14 at our institution. Biopsies that required the needle trajectory to cross a pleural surface were included in the study and those that did not require transgression of a pleural surface were excluded.
A co-axial technique, with a 19-gauge guide needle, was used for all CT-guided lung biopsies. One of twelve boardcertified interventional radiologists, either acting as an independent operator or directly supervising a radiology resident or fellow, performed all procedures. Conscious sedation or sedation provided by the Anesthesia service was administered to all patients. Tissue sampling consisted of fine needle aspiration (FNA) with a 22-gauge needle and/or acquisition of a core biopsy specimen using a 20-gauge automated biopsy needle.
Our outpatient post-biopsy pneumothorax management protocol has been previously described [1, 20] . In brief, after the CT-guided lung biopsy, patients were observed in a monitored recovery unit for a minimum of 3 h and the presence of pneumothorax was assessed using serial inspiratory chest radiographs. Based on our management algorithm, small, stable, and asymptomatic pneumothoraces are treated conservatively without chest tube insertion. Pneumothoraces that rapidly expand, cause symptoms of chest pain or shortness of breath, or are large (C30% of the hemithorax) are treated with the placement of a small-bore chest tube (8.5 French, Richili tube, Cook Inc., Bloomington, IN).
Statistical Methods
The rates of pneumothorax occurrence and chest tube insertion were compared between two groups of patients who underwent CT-guided lung biopsy: patients receiving the BioSentry TM device (n = 318) [treatment group] versus patients not receiving the BioSentry TM device (n = 1956) [control group]. The control group population was previously reported in a study which evaluated the effect of guide needle gauge on the risk of pneumothorax and chest tube placement [21] . Ten variables were selected for analysis. Patient-specific variables were age, sex, and the presence or absence of emphysema in the biopsy needle path. Lesion-specific variables were lesion size and location. Procedure-specific variables were type of biopsy obtained (FNA versus core biopsy versus both), needle path length, number of pleural surfaces crossed to access the lesion, patient position during the biopsy (prone, supine, decubitus), and biopsy approach to the lesion (anterior, posterior, or lateral). The needle path length was measured as the distance along the guide needle shaft from the point of pleural puncture to the guide needle tip, and the number of pleural surfaces crossed was calculated by adding the number of times a visceral pleural surface was transgressed [21] .
A major disadvantage of retrospective or observational studies is selection bias or the possibility that systematic differences between baseline characteristics of the treated group versus control group of patients could account for the results of the study. Propensity score methods, statistical means of controlling for confounding non-experimental variables, permit the analysis of an observational study as if it were a randomized controlled trial. The purpose of propensity score methods is to achieve balance; that is, conditional on the propensity score: the distribution of baseline covariates should be homogeneous between the treated and untreated patients and account for systematic differences in baseline characteristics between the two patient groups when estimating the effect of the treatment.
To correct for potential selection bias in this study, the data were analyzed using propensity score matching. The propensity score model was created using a multivariate logistic regression model fitted to the data with the response being BioSentry TM device (Yes = 1 vs. No = 0) (i.e., treated vs. untreated) and the model covariates being the ten data variables collected representing baseline characteristics. The propensity score for each patient was the estimated probability of being treated derived from the model. Propensity score matching was used to obtain matched (1:1) samples of treated and untreated patients. Patients were considered a match if the absolute difference in their propensity scores was B0.02. Of the 318 patients who received a BioSentry TM device, a match was found for 317 patients. A sub-analysis was performed which included only interventional radiology faculty who had C30 CTguided lung biopsy cases in which the BioSentry TM device was used and that could be matched to control cases. In this sub-analysis, five faculty met the criteria, resulting in the identification of 230 cases where the BioSentry TM device was deployed. A match from the control group was found for 222 cases. Chi-square contingency table evaluated with McNemar's test, which is appropriate for paired data, was used to analyze the matched samples for differences in pneumothorax and chest tube insertion rates. Statistical significance was defined as p \ 0.05 and all analyses were conducted using SAS (Release 9.4, 2013, SAS Institute: Cary, NC).
Results
The propensity score model was created by fitting a multivariate logistic regression model of 10 covariates to data ( Table 1) . While all ten variables were included in the model, only smaller lesions (p = 0.01), cases in which a core biopsy was obtained (p \ 0.0001), presence of emphysema (p \ 0.0001), and lateral approach to biopsy (p = 0.007) were found to be significantly different between the two treatment groups. The model fits the data, as the area under the curve (AUC) is 0.659.
Before matching, the pneumothorax and chest tube insertion rates were 24.5 and 13.1% in the control group, and 21.1 and 8.5% in the treated group, respectively. The unmatched and matched descriptive statistics of the observed baseline patient-, lesion-, and procedure-specific characteristics are reported ( Table 2 ). The unmatched data (Table 2) demonstrate that the significant factors in the multivariate logistic regression analysis were not balanced between the two groups, with the greatest degree of difference occurring in the variables of biopsy type and presence of emphysema. Using propensity scores, a match was found for 317 patients in the treatment group, bringing the descriptive statistics for the two groups closer together. Chi-square contingency matched pair analysis showed: the treated group had significantly lower pneumothorax (20.8 vs. 32.8%; p = 0.001) and chest tube (8.2 vs. 20.8%; p \ 0.0001) rates as compared to the control group (Table 3) .
Further analysis was performed to examine only the cases that were performed by faculty who used the BioSentry TM device as a consistent part of their biopsy practice. Using propensity scores, a match was found for 222 patients in the treatment group (Table 4) . Chi-square contingency matched pair analysis demonstrated that treated group had significantly lower pneumothorax (17.6 vs. 30.2%; p = 0.002) and chest tube rates (7.2 vs. 18%; p = 0.001) ( Table 5 ). There were no reported adverse events related to the use of the BioSentry TM device.
Discussion
In our study, which uses propensity scoring to match patients who received BioSentry TM to appropriate control patients, the use of the BioSentry TM tract sealant after lung biopsies was associated with significant decreases in pneumothorax and chest tube insertion rates. These results [19] . The study also demonstrated decreases in chest tube placement rates and post-procedural hospital admissions; however, these secondary endpoints were not powered sufficiently to detect statistical significance [19] . Our results also appear to mirror those of Grage et al. who retrospectively compared the use of the BioSentry TM Tract Sealant Device in 100 consecutive patients who underwent percutaneous lung biopsy to a prior group of 100 lung biopsy patients who did not receive BioSentry TM [22] . They concluded that although there was no difference in the pneumothorax rates between the control versus the BioSentry TM groups (31 vs. 30%, respectively), they did observe a reduction in chest tube insertion rates (10% for control vs. 2% for BioSentry TM ) and average length of stay in the hospital (0.44 days for control vs. 0.07 days for BioSentry TM ) [22] .
The concept of sealing the lung biopsy tract as a strategy to prevent pneumothorax has been the subject of multiple research investigations [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . The major difference between the studies that are now emerging that use the BioSentry TM device compared to other techniques, such as saline injection or pleural blood patching, is that the BioSentry TM device is linked to standardized indications for use, deployment, and mechanisms of action [17, 18] . The technique of injection of saline or autologous blood into the biopsy tract is operator-dependent and thus subject to variations in practice which in turn may account for why some clinical studies using the same techniques return conflicting results. In contrast, there is a standard technique used to deploy the BioSentry TM device, a desiccated polyethylene glycol hydrogel that deploys as a solid cylinder (2.5 cm in length by 0.1 cm in diameter) and self expands upon contact with moist tissue to fill the void created by the biopsy needle [19] . The standard elements associated with the BioSentry TM device may account for why the three studies examining its use have been able to demonstrate either a reduction in pneumothorax rate, chest tube insertion rate, or both [19, 22] present study. Finding a reproducible method to mitigate pneumothorax-related complications after CT-guided lung biopsy is important because complications from lung biopsies are becoming an increasingly relevant clinical care issue. Image-guided percutaneous biopsies have increased over time with radiologists being the physician specialty group providing the most biopsy services [23] . Using Medicare claims data from 1997 to 2008, the total number of biopsies performed by radiologists increased at a compound annual growth rate of 8%, and radiologists' share of all biopsies increased from 35 to 56% [23] . The data also demonstrate that radiologists perform over 90% of biopsies in the chest [23] . The use of low-dose CT for lung cancer screening, rise in availability of advanced imaging techniques for procedural guidance, and the proliferation of targeted therapies in personalized cancer medicine are but a few factors contributing to this trend of increasing biopsy volume [23] [24] [25] . Indeed, advances in CT technique have evolved so that small nodules which may represent early lung cancer are routinely detected and as a corollary, the professional society guidelines for biopsy are to consider tissue sampling for nodules that are C8 mm [26, 27] . Moreover, clinical trials for emerging targeted therapies now often require tissue sampling for therapy stratification or at the very least, development of a companion diagnostic test [28, 29] . As radiologists are the largest physician provider group to perform image-guided biopsies, it becomes our responsibility to evaluate and consider ways of improving patient safety and decreasing complication rates.
While pneumothorax is the most common complication resulting from lung biopsy, a review of 660 lung biopsies demonstrated that a radiologist's experience level with lung biopsies is a major risk factor for pneumothorax occurrence: the more experienced operator had a significantly lower pneumothorax rate of 17% as compared to the other radiologists (average pneumothorax rate, 30%) [6] . The BioSentry TM device may represent a standardized technique to overcome the learning curve associated with CT-guided lung biopsies and could potentially be used as a quality improvement tool to both narrow the performance band and also to shift the complications curve to result in lower rates of pneumothorax-related complications. Future studies could also focus on evaluating the potential costs benefits that could be associated with reducing the occurrence of pneumothorax, chest tube insertion rates, and associated hospital stays. Our study is not without limitations. Despite the propensity score matching analysis, this remains a retrospective study involving interventional radiologists ranging in spectrum in terms of their levels of experience with lung biopsies. The decision of when to place a BioSentry TM device was based on operator preference as no strict inclusion or exclusion criteria were mandated. Indeed, we did not have full faculty participation in using the BioSentry TM device and as can be seen from our subanalysis, only five out of twelve faculty consistently adopted the BioSentry TM device into their clinical practice. This study did not evaluate if there was a learning curve associated with using the BioSentry TM device nor whether use of the device affected overall procedure time. Another limitation of the study is that we did not specifically evaluate some factors such as the number of samples obtained, presence of bleeding complications, and number of patients requiring general anesthesia.
Practical Applications
The study has two practical applications: Propensity score matching provides a statistical methodology to minimize selection bias in large retrospective datasets. The study also demonstrates that the BioSentry TM device could be introduced as a standardized technique for quality improvement initiatives targeting reduction of pneumothorax-related complications following percutaneous CT-guided lung biopsy.
Advances in Knowledge (1) Use of a self-expanding tract sealant device during CT-guided lung biopsy reduced the incidence of pneumothorax. (2) Use of a self-expanding tract sealant device during CT-guided lung biopsy reduced the rate of chest tube insertion.
Implications for Patient Care This FDA-approved selfexpanding tract sealant device provides a standardized method of plugging the needle tract after percutaneous lung biopsy and should be considered for use as a quality improvement tool.
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